ers, and the OR for high hemoglobin A 1c was significantly low in light and heavy drinkers, while these associations were not found in older subjects. The OR for metabolic syndrome was significantly low in light and heavy drinkers in the younger subjects but was not significant in any drinker groups in older subjects. Conclusion: Age influences the relationships between alcohol consumption and atherosclerotic risk factors, and there is a significant association between alcohol intake and a lower risk for metabolic syndrome in young men but not in elderly men.
cohol drinking and metabolic syndrome, a multiplex risk factor that consists of several risk correlates of metabolic origin, such as dyslipidemia, hypertension and hyperglycemia. The relationship between alcohol drinking and metabolic syndrome has been reported to be inversely linear [6] , J-or U-shaped [7] , positively linear [8] and not significant [9] . In addition to gender and ethnic differences, a difference in age of subjects in these studies is a possible reason for the above discrepant findings on the relationship between alcohol drinking and metabolic syndrome. The prevalence of metabolic syndrome as well as blood pressure and blood lipid levels is influenced by age [10] [11] [12] . However, it is unknown whether and how the relationships of alcohol drinking with metabolic syndrome and related atherosclerotic risk factors are changed by age. Moreover, there have been only a few studies on the relationship between alcohol drinking and metabolic syndrome in the elderly.
The purpose of this study was, therefore, to determine whether the relationship between alcohol intake and metabolic syndrome is influenced by age. For this purpose, the prevalence of metabolic syndrome and related risk factors for atherosclerosis were compared between younger ( 6 35 and ! 45 years old) and older ( 6 65 years old) subject groups. There are two major sets of international criteria by the International Diabetes Federation (IDF) [13] and the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) [14] that are used to define metabolic syndrome. Both of these sets of criteria were used in this study to investigate the relationship between alcohol drinking and metabolic syndrome.
Methods

Subjects
The subjects were male workers aged 6 35 and ! 45 years (younger group) and aged 6 65 years (older group) (1,390 subjects in each group) who had received periodic health examinations at workplaces in Yamagata Prefecture in Japan. All of the subjects were of Japanese origin. The younger and older groups were adjusted for alcohol intake and smoking history. A cross-sectional study was performed using a local population-based database for the above subjects. This study was approved by the Ethics Committee of Yamagata University School of Medicine.
The average alcohol consumption of each subject per week was reported on questionnaires during health examinations at each workplace. Frequency and amount of habitual alcohol drinking were asked in the questionnaire as 'How frequently do you drink alcohol?' and 'What amount of alcohol per day do you drink on average?' Frequency of weekly alcohol drinking was categorized as 'every day', 'sometimes' and 'never'. Only regular drinkers who answered 'every day' were used as drinkers for analysis in this study, since it is difficult to know the correct average alcohol consumption of occasional drinkers. Usual daily alcohol consumption was calculated in terms of the equivalent number of 'go', a traditional Japanese unit of amount of sake (rice wine). The amounts of other alcoholic beverages, including beer, wine, whisky and shochu (traditional Japanese distilled spirit), were converted and expressed as units of 'go'. One go approximately corresponds to 180 ml of sake, 500 ml of beer, 240 ml of wine, 60 ml of whisky, and 80 ml of shochu. The amount of daily alcohol drinking was categorized as 'null', 'less than 1 go per day', '1 go or more and less than 2 go per day', '2 go or more and less than 3 go per day', and '3 go or more per day'. One 'go' contains about 22 g of ethanol, and this amount was used to separate heavy drinkers from light drinkers since it is generally accepted that alcohol intake should be reduced to ! 30 ml or 20-30 g/day from the viewpoint of prevention of hypertension [15, 16] . Average daily alcohol intake (grams of ethanol per day) was then calculated. The subjects were divided into four groups according to ethanol consumption per day (nondrinkers; light drinkers: ! 22 g ethanol/ day; heavy drinkers: 6 22 and ! 44 g ethanol/day; very heavy drinkers: 6 44 g ethanol/day). History of cigarette smoking was also surveyed by questionnaires. The categories of smokers in the questionnaire were nonsmokers, light smokers ( ! 20 cigarettes/ day), heavy smokers (20-39 cigarettes/day), and very heavy smokers ( 6 40 cigarettes/day). Subjects who were receiving treatment for any illness were requested to state the names of diseases in a questionnaire at the health checkup.
Measurements
Height and body weight were measured with light clothes at the health checkup. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Waist circumference was measured at the navel level according to the recommendation of the definition of the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome [17] . In this study, the highest BMI level of subjects was 45.2, and subjects showing very high BMI levels ( 6 35) were only 0.54% (n = 15) of the total subjects. Thus, extreme obese subjects were rare in subjects of this study, and measurement of waist circumference at the navel level may be accepted in this study. Blood pressure was measured by trained nurses, who were part of the local health-checkup company, with a mercury sphygmomanometer once on the day of the health checkup after each subject had rested quietly in a sitting position. Korotkoff phase V was used to define diastolic pressure. Fasted blood was sampled from each subject, and serum HDL cholesterol and triglycerides were measured by enzymatic methods using commercial kits, chorestest N-HDL and pureauto S TG-N (Sekisui Medical Co., Ltd., Tokyo, Japan), respectively. Hemoglobin A 1c (HbA 1c ) was determined by the latex cohesion method using a commercial kit (Determiner HbA 1c ; Kyowa Medex, Tokyo, Japan). Coefficients of variation for reproducibility of each measurement were ^ 5% for HDL cholesterol, ^ 3% for triglycerides and ^ 5% for HbA 1c .
Criteria of Metabolic Syndrome
The variables of risk factors for atherosclerosis evaluated in this study were waist circumference, blood pressure, HDL cholesterol, triglycerides, and HbA 1c . Two different sets of criteria were used separately for diagnosis of metabolic syndrome. Metabolic syndrome was defined, according to the criteria by IDF [13] with a slight modification, as the presence of 2 or more risk factors in addition to visceral obesity (waist circumference: 6 85 cm) or was defined, according to the criteria by NCEP-ATP III [14] , as the presence of 3 or more risk factors. Waist circumference of 85 cm for Japanese men has been reported to be a cut-off point yielding the maximal sensitivity plus specificity for predicting the presence of two or more components of metabolic syndrome [18, 19] . Risk factors included in the criteria are high blood pressure, dyslipidemia (low HDL cholesterol and/or high triglycerides) and hyperglycemia. Instead of fasting blood glucose, HbA 1c , which is more sensitive for diagnosis of hyperglycemia than is fasting glucose, was used in this study. The criterion for each risk factor was defined as follows: high blood pressure, systolic blood pressure 6 130 mm Hg and/or diastolic blood pressure 6 85 mm Hg; low HDL cholesterol, HDL cholesterol ! 40 mg/dl; high triglycerides, triglycerides 6 150 mg/dl; high HbA 1c , HbA 1c 1 5.8%. In Japan, HbA 1c level of 5.8% measured by using methods standardized by the Japan Diabetes Society is generally used as a cut-off value for impaired glucose tolerance as well as impaired fasting glucose. In a previous study, the receiver-operated characteristic curve of HbA 1c in subjects with fasting plasma glucose levels of 6 100 mg/ dl showed that HbA 1c level of 5.8% was the most suitable cut-off value (sensitivity of 80.4% and specificity of 79.3%) for diagnosis of impaired glucose tolerance (plasma glucose level of 6 200 mg/ dl at 2 h after oral ingestion of 75 g glucose) [20] . Subjects receiving treatment for hypertension, dyslipidemia and diabetes were also included in the above definitions of risk factors.
Statistical Analysis
Statistical analyses were performed using a computer software program (SPSS version 16.0 J for Windows, Chicago, Ill., USA). Mean values of each variable in the younger and older subject groups were compared using Student's unpaired t test. Mean values of each variable in the four alcohol groups were compared using analysis of variance (ANOVA) and subsequent Scheffé's Ftest. The percentages of drinkers, smokers, and subjects receiving therapy for hypertension, dyslipidemia or diabetes and the prevalence of each risk factor for atherosclerosis or metabolic syndrome were compared between each group pair using the 2 test for independence. In logistic regression analysis, the odds ratios (ORs) of each drinker group vs. the nondrinker group for each risk factor for atherosclerosis or metabolic syndrome were calculated. ORs for high blood pressure, low HDL cholesterol, high triglycerides and high HbA 1c were calculated after adjustment for age, BMI and history of smoking. ORs for large waist circumference and metabolic syndrome were calculated after adjustment for age and history of smoking. p values ! 0.05 were defined as significant. Table 1 shows profiles of younger and older subject groups matched for status of alcohol intake and status of smoking. Percentages of subjects with histories of therapy for hypertension, dyslipidemia and diabetes mellitus were significantly higher in the older group than in the younger group. BMI was slightly but significantly lower in the older group than in the younger group, while there was no significant difference in waist circumference between the groups. Systolic and diastolic blood pressure was significantly higher in the older group than in the younger group. HDL cholesterol and triglycerides were significantly lower in the older group than in the younger group, while HbA 1c was significantly higher in the older group than in the younger group. Table 2 shows means of each variable in the alcohol intake groups of younger and older subjects. In the older group, heavy and very heavy drinkers were slightly but significantly younger than nondrinkers, while there were no significant differences in ages among the four alcohol groups in the younger group. In the younger group, BMI was significantly lower in light, heavy and very heavy drinkers than in nondrinkers and waist circumference was significantly smaller in light and heavy drinkers than in nondrinkers, while these differences were not found in the older group. Both in the younger and older groups, systolic and diastolic blood pressure was significantly higher in heavy and very heavy drinkers than in non- Number of subjects, % of drinkers, smokers or subjects receiving therapy, and means with standard deviations of each variable are shown. Asterisks denote significant differences from the younger group (* p < 0.05; ** p < 0.01).
Results
Comparison of Each Variable in the Younger and Older Subject Groups
Comparison of Means of Each Variable among the Alcohol Intake Groups in the Younger and Older Groups
drinkers and HDL cholesterol was significantly higher in light, heavy and very heavy drinkers than in nondrinkers. Both in the younger and older groups, triglycerides tended to be lower in light drinkers and higher in very heavy drinkers than in nondrinkers, although these differences were not significant. In the younger group, HbA 1c was significantly lower in light, heavy and very heavy drinkers than in nondrinkers, while in the older group, HbA 1c was significantly lower in very heavy drinkers but not in light and heavy drinkers than in nondrinkers. Table 3 shows the prevalence of each atherosclerotic risk factor or metabolic syndrome in the alcohol intake groups of younger and older subjects. In the younger group, the prevalence of large waist circumference was significantly lower in light drinkers than in nondrinkers, while in the older group, no significant difference was found between each drinker group and the nondrinker group. The prevalences of high blood pressure and low HDL cholesterol tended to increase and decrease, respectively, with increase in alcohol intake both in the younger and older groups. In the younger and older groups, the prevalence of high blood pressure was significantly higher in heavy and very heavy drinkers than in nondrinkers, and the prevalence of low HDL cholesterol was significantly lower in light, heavy and very heavy drinkers than in nondrinkers. Both in the younger and older subject groups, the prevalence of high triglycerides was significantly lower in light drinkers than in nondrinkers. In the younger group, the prevalence of high triglycerides was significantly higher in very heavy drinkers than in nondrinkers. The prevalence of high HbA 1c in the younger group was significantly lower in light and heavy drinkers than in nondrinkers but was not significantly different in very heavy drinkers and nondrinkers. The prevalence of high HbA 1c in the older group was significantly lower in very heavy drinkers than in nondrinkers but was not significantly different in light and heavy drinkers compared to that in nondrinkers. In the younger group, the prev- Table 4 shows ORs for each atherosclerotic risk factor or metabolic syndrome in the drinker groups vs. the nondrinker group. In the younger group, the OR vs. nondrinkers for large waist circumference was significantly low in light drinkers but was not significant in heavy and very heavy drinkers, while in the older group, the ORs were not significant in any drinker groups. Both in the younger and older groups, ORs vs. nondrinkers for high blood pressure and low HDL cholesterol tended to be higher and lower, respectively, with increase in alcohol intake and were significantly high and low, respectively, in light, heavy and very heavy drinkers. In the younger group, the OR vs. nondrinkers for high triglycerides was significantly high in very heavy drinkers but was not significant in light and heavy drinkers, while in the older group, the ORs were not significant in any drinker groups. ORs vs. nondrinkers for high HbA 1c were significantly low in light and heavy drinkers in the younger subjects and significantly low in very heavy drinkers in the older subjects. In the younger group, the ORs vs. nondrinkers for metabolic syndrome, defined by criteria of IDF or NCEP ATP III, were significantly low in light and heavy drinkers but were not significant in very heavy drinkers The prevalence of each risk factor for atherosclerosis or metabolic syndrome is shown. Light drinkers: <22 g ethanol/day; heavy drinkers: ≥22 and <44 g ethanol/day; very heavy drinkers: ≥44 g ethanol/day. Marks denote significant differences from the nondrinker subgroup (* p < 0.05; ** p < 0.01) and the younger group ( † † p < 0.01). 
Comparison of the Prevalence of Each Risk Factor for Atherosclerosis or Metabolic Syndrome among the Alcohol Intake Groups in the Younger and Older Groups
ORs of Each Drinker Group versus Nondrinker Group for Each Atherosclerotic Risk Factor or Metabolic Syndrome
Alcohol and Metabolic Syndrome in the Elderly
Discussion
This is the first study showing that the relationship between alcohol intake and metabolic syndrome is influenced by age. In younger subjects, an alcohol intake ! 44 g ethanol/day was associated with a lower risk for metabolic syndrome, but no significant association between alcohol intake and metabolic syndrome was found in older subjects. Two different sets of criteria, those by IDF and NCEP ATP III, were used to define metabolic syndrome, but the results for the relationship between alcohol intake and prevalence of metabolic syndrome were not different in the analyses using these two sets of criteria. Thus, a beneficial effect of alcohol drinking on the risk for metabolic syndrome was found only in younger subjects. Regarding relationships between alcohol intake and risk factors related to metabolic syndrome, the associations of alcohol intake with higher blood pressure and higher HDL cholesterol were similar in the younger and older groups. On the other hand, the associations of alcohol intake with lower BMI, smaller waist circumference, higher triglycerides, and lower HbA 1c were more prominent in the younger group than in the older group. Thus, the difference in the relationship of alcohol intake with metabolic syndrome between the younger and older subject groups is mainly due to associations of alcohol intake (light or heavy drinkers) with lower risks for large waist circumference and high HbA 1c in the younger subject group but not in the older group. The reason for the differences between the younger and older groups in the relationships of alcohol intake with waist circumference and HbA 1c are obscure, and there have been few reports on effects of age on relationships of alcohol drinking with obesity and diabetes. Since obesity is a major risk factor O Rs with 95% confidence intervals in parentheses are shown. ORs for low HDL cholesterol and high triglycerides were calculated after adjustment for age, history of smoking, BMI and history of therapy for dyslipidemia. ORs for high blood pressure and high HbA 1c were calculated after adjustment for age, history of smoking and BMI. ORs for large waist circumference and metabolic syndrome were calculated after adjustment for age and history of smoking. Light drinkers: <22 g ethanol/day; heavy drinkers: ≥22 and <44 g ethanol/ day; very heavy drinkers: ≥44 g ethanol/day. Significant OR: * p < 0.05; ** p < 0.01.
for diabetes, it is speculated that the common pathogenesis underlying obesity and diabetes is affected by alcohol drinking differently in younger and older men; however, further studies are needed to clarify this hypothesis.
Although metabolic syndrome is known as a potent risk factor for ischemic heart disease and stroke in the elderly [21, 22] , there have been only a few studies on the relationship between alcohol consumption and metabolic syndrome in the elderly. Moreover, the results of previous studies on the relationships between alcohol intake and metabolic syndrome in a general population are controversial [6] [7] [8] [9] . In a study using Japanese subjects, the prevalence of metabolic syndrome was significantly higher in heavy drinkers than in non-and light drinkers, although non-and light drinkers were analyzed together and no comparison was made between non-and light drinkers and between non-and heavy drinkers [23] . Using elderly subjects, both British and Italian groups have recently shown no significant associations of alcohol consumption with incidence and prevalence of metabolic syndrome in the elderly [24, 25] . These findings agree with the results of the present study. However, it is unknown whether age influences the alcohol-metabolic syndrome relationship. The present study demonstrated an age-dependent difference in the relationship between alcohol consumption and metabolic syndrome by using younger and older groups matched for alcohol intake and smoking history, which is known to confound the relationships of alcohol intake with blood pressure and serum lipids [26, 27] . As a result, there are no beneficial effects of alcohol drinking on the metabolic syndrome in the elderly, while light to moderate alcohol intake is associated with a lower risk for metabolic syndrome in young people. Therefore, it is thought that age should be taken into account when relationships of alcohol intake with metabolic syndrome and atherosclerotic risk factors are considered. Age difference may, in part, explain the discrepant results of previous studies on the relationship between alcohol intake and metabolic syndrome.
There are some limitations of this study. One limitation is the use of HbA 1c level, instead of fasting plasma glucose, for diagnosis of metabolic syndrome. Although age, history of smoking and BMI were adjusted in the logistic regression analysis in this study, the relationship between alcohol and metabolic syndrome is confounded by other lifestyle-related factors such as diet, nutrition and physical activity, for which information was not available in the database used in this study. Socioeconomic characteristics of subjects, such as education level, income and martial status, that influence health behavior including alcohol drinking and are thus possible confounders for the relationship between alcohol intake and metabolic syndrome were not included in the questionnaire used in this study. Only history of current smoking status was asked in the questionnaire, and thus no information on ex-smokers and duration of smoking history is also a limitation of this study. Only drinkers who drank alcohol almost every day were used as drinker subjects, and occasional drinkers were excluded from subjects of this study. It is therefore speculated that drinker subjects had quite a long history of alcohol drinking, although no detailed information on the duration of alcohol consumption at the time of the health checkup was available from the database used in this study. Polymorphism of alcohol-metabolizing enzymes is well known in Asians [28, 29] and possibly confounds the relationship between alcohol intake and metabolic syndrome in the present study, although controversial results were obtained in previous studies on the effects of the polymorphism on the relationship between alcohol intake and an atherosclerotic risk factor such as blood pressure [30] [31] [32] [33] [34] . A gender-related difference in the alcohol-blood pressure re lationship has been shown recently [35] . However, only male subjects were used in the present study, and it remains to be determined whether age also influences the relationship between alcohol and metabolic syndrome in women. The present study is a cross-sectional study using only two different age groups, and prospective studies using various age groups including younger subjects than those in this study are needed to clarify causal relationships between alcohol and metabolic syndrome at different ages.
In conclusion, the results showed that alcohol intake was associated with a lower risk for metabolic syndrome in young men but not in elderly men, thus suggesting that the relationship between alcohol intake and metabolic syndrome depends on age.
